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INTRODUCTION
It has been found previously (New & Stein, 1964 ) that rat and mouse embryos of early somite stages will develop to early limb bud stages in drops of embryo extract on the surface of plasma-embryo extract clots. Although this method gives good embryonic development, important disadvantages are that the com¬ plex medium is troublesome to prepare, difficult to standardize, and incon¬ venient for chemical analysis. Another disadvantage is that the embryos are often prevented, probably mechanically, from turning from dorsal to ventral curvature, a change that should occur between the 12-and 18-somite stages.
Studies have been made therefore on the development of rat embryos in allliquid media. Preliminary trials with several chemically defined media were not encouraging, but good results were obtained with homologous serum. In view of the potential value of in-vitro culture methods for mammalian experi¬ mental embryology, it seemed worth making a fairly thorough study of develop¬ ment in various blood sera to determine which gave the best results, and whether these results were as good as or better than those obtained from 510 D. A. T. New development on plasma clots. This paper describes experiments designed to compare development in the following media:
1. Different amounts of rat serum.
2. Serum from pregnant and from non-pregnant female rats. 3. Autologous, homologous and heated rat serum. 4. Serum from male rats and from female rats.
5. Hooded strain embryos in 'Hooded' and in 'Wistar' serum. 6. Rat serum and fowl serum. 7. Rat serum and rabbit serum. 8. Rat serum and sera from calf, horse and sheep. 9. Rat serum and chick plasma clots.
MATERIALS AND METHODS
Embryos from the 'Hooded' strain of rats were explanted with their embryonic membranes, usually during the 11 th day of gestation, by the method described previously (New & Stein, 1964) . These embryos were at early somite stages. Reichert's membrane was removed and discarded. Plate 1(A) shows the con¬ dition of the expiant at the beginning of the culture period, and Plate 1 ( ), (C) and (D) the maximum development attained in culture.
Each expiant was placed in a watch glass of diameter 4 cm, in a Petri dish lined with cotton-wool wetted with 0-9% NaCl (Text- fig. 1 but 0-5 to 1-0 ml is adequate and nothing is gained by adding more, either initially or after 24 hr. Table 2 The amount of serum for each embryo was initially 0-5 to 0-7 ml with a further 0-7 to 1-0 ml added after 24 hr.
It was thought that serum from pregnant rats might contain substances necessary for prolonging development in culture, and if so that such substances would be most likely to be present in serum taken at stages corresponding approximately to that at which embryos in culture usually die (13th day). Three samples of serum from 14-day pregnant rats were tested, and one from an 11^-day pregnant rat. However, the table shows that none supported better embryonic development than sera from non-pregnant animals. Table 3 'Homologous serum' = pooled sera from blood taken from six non-pregnant female rats.
'Autologous serum' = serum taken from the same rat as the embryos. 'Autologous serum (heated) ' = serum taken from the same rat as the embryos and heated for 30 min at 56 to 57°C.
One litter of 9^-day embryos was used in this experiment because it had previously been found that embryos of this age do not develop well on clots (New & Stein, 1964) or in homologous serum, and it was thought possible that they might develop better in autologous serum. However, 15 (1 to 12 somites) and had a fairly well formed head and beating heart, but the somites and hind parts were small and poorly developed; the allantois never extended to the ectoplacental cone. The embryos marked ' -' showed no development in culture. The whole expiants (embryo + membranes) enlarged from about 1 0-5 mm at explantation to the spherical form with yolk sac 2 to 3 mm diameter at the end of the culture period.
The lO^-day embryos (Table 3B ) developed well in all three types of serum. There was no indication that they developed better in autologous than in homologous serum. In two ways the development of these embryos was unusual: the persistence of the blood circulation for a longer time than is usual in culture, and the failure of all but one of the embryos to complete the change from dorsal to ventral curvature. Both might be the result of explanting embryos rather younger than usual, or just possibly the failure in turning might be due to some defect caused by the embryos being kept cold for 4 hr while the auto¬ logous serum was prepared, instead of the usual time of 1 to 2 hr between killing the rat and transferring the embryo to the incubator. Table 4 Each embryo was grown in 1 ml serum taken from the pooled serum from two adult male rats or two adult female rats. 
¿2 S
The sera for litters 2 and 4 were from the same rats, those for litter 1 and for litter 3 from different rats. In all, therefore, the sera used in these experiments were from six male rats and six female rats. None of the female rats was preg¬ nant, with the exception of one of those from which serum was obtained for litter 3. The results show that the expiants develop equally well in male or female serum. The difference in mean final protein between the two groups of embryos is not significant [P is between 0-5 and 0-6). Table 5 Each embryo was grown in 1 ml serum taken from the pooled serum from two or three adult rats. The rats used to supply sera for the second litter were different from those used for the first.
The results suggest that it is immaterial whether the serum is obtained from the same variety of rat as the embryos or from a different variety. Table 6 The expiants float in rat serum, but sink in fowl serum, so that if the medium is more than 2 mm deep there may be a layer of fluid over the expiants in the fowl serum thick enough to hinder respiration. The embryos of the first litter were cultured in 1 ml serum/embryo, which with fowl serum gave initially a layer of fluid 1 to 2 mm thick above the expiants. However, all the embryos from the other litters were grown in 0-5 ml serum/embryo; this was only just sufficient to cover the expiants, which were therefore as close to the surface in the fowl serum as in the rat serum.
The fowl serum used for the first and second litters appeared to be rapidly lethal. The embryos placed in it did not develop, the yolk sacs collapsed, and at the end of the culture period all that remained was a lump of disintegrating tissue smaller than the original expiant. Preheating the serum at 56 to 57°C for 30 min (second litter, embryos 6 and 7) had a very marked effect; the embryos developed fairly normally, though not as well as in rat serum.
The fowl serum used for the third and fourth litters was less harmful, even without pre-heating. The expiants placed in it developed, and their yolk sacs expanded. But both in development and protein synthesis they were much inferior to the controls in rat serum. Other cultures also have shown that fowl serum is very variable in its effect on rat embryos. The reason is unknown, but length of storage is a possible explanation. The lethal serum used here (first and second litters) had been stored for only 4 to 6 days at 5 to 10°C whereas the less harmful serum (third and fourth litters) had been stored for a month. Chang (1949) has shown that heterologous sera which are initially lethal to rabbit eggs gradually become less harmful on storage. Table 7 Three samples of rabbit serum were tested, taken from three adult male rabbits on the day before the rat embryos were explanted. All three proved rapidly lethal to the rat embryos. When the cultures were examined after 24 hr all that remained of each expiant was a dead, shrunken, and partly disinte¬ grated lump of tissue.
If the rat embryos were immersed in the rabbit serum for only 15 min and then transferred to rat serum they recovered and developed well (third litter, embryos 2 to 4). After 2 hr immersion, however, they were permanently damaged (third litter, embryos 5 to 7). Table 8 The calf, horse and sheep sera were used without prior heat treatment, and after heating to 56 to 57°C for 30 min.
Growth of all the expiants in the three heterologous sera was very inferior to that of the controls in rat serum. Embryonic development was negligible. There was some protein synthesis, probably mainly in the yolk sac which expanded, but much less than that of the controls. The hearts beat only feebly, no blood circulation was established, and the yolk sac wall was 'bubbly' in appearance-probably owing to abnormal distension of the blood vessels.
The calf serum was a little worse than the horse and sheep sera. No improve¬ ment was gained by pre-heating the sera. Table 9 The amount of medium varied between the different cultures, and the clot cultures supported up to three embryos per clot. But the volume of medium per embryo was always more than 0-5 ml, so that differences of embryonic development are very unlikely to have been caused by differences in quantity of medium (see Table 1 ).
The amount of protein synthesized by the expiants in the all-serum cultures was significantly more than on clots [P is between 0-01 and 0-02). Moreover embryos 3 and 4 of the second litter which were explanted into drops of serum on the clot, and embryos 1 and 2 of the fourth litter which were similarly explanted followed by a later addition of 1 -5 ml of serum, synthesized more protein than those embryos from the same litters explanted into embryo extract on clots.
The results from the first and second litters suggest that under certain condi¬ tions the blood circulation may persist for longer on clots than in all-serum cultures. This may be a matter of oxygénation; although the expiants float in rat serum the yolk sac remains spherical, whereas on clots it is flattened, expos¬ ing a larger surface to the gas phase and presumably making possible more rapid respiration.
However, the final stage of development of the embryo, and the growth of the yolk sac, are the same in all-serum cultures as on clots, and in serum fewer embryos fail to make the change from dorsal to ventral curvature. For most purposes, therefore, the all-serum type of culture is much to be preferred.
DISCUSSION
The work described here shows that for most purposes homologous serum is a better culture medium for rat embryos than chick plasma clots. It is simpler to prepare and gives better growth of the embryos. It Heterologous sera have often been found to be harmful to tissues in culture unless previously heated at about 55 to 57°C. The damage to the tissue appears to be due to an immunity reaction which requires the 'complement' present in the serum, and it is the complement that is destroyed by the heat treatment. Chang (1949) found that rabbit eggs were similarly affected; although most of the eggs developed normally in rabbit, horse, rat or guinea-pig serum, they were killed within 10 min by immersion in human, sheep, cattle, goat or fowl serum; these lethal sera became harmless, however, if heated at 55°C for 30 min. The work described here has shown that rabbit serum is rapidly lethal to rat embryos but becomes less harmful if pre-heated. Some 
